INTRODUCTION
Colicinogeny in Salmonella typhimurium is dependent on specific Col plasmids (Ozeki 
RESULTS

Incidence of colicinogeny in S. typhimurium
Of the 448 1 cultures examined, 53 1 (1 1.8 %) were colicinogenic; the colicin types were Ta ( 146 cultures), Ib (272), El (1 I), E, (73), K (2), B with M (4), S4 (15), Ia with B and M (l), El with la (I), E, with Ib (2), a salmonellin-like colicin (3) and one unidentified that was not 1, E, or M.
The 418 colicin Ia-or Ib-producing cultures were distributed among 109 of a total of 597 phage type/biotype (PT/BT) groups. Most of the PT/BT groups represented by more than a single colicinogenic strain also contained non-colicinogenic members. An exceptional group was PB 143/ 17a, all members of which produced colicin Ib ; the 43 cultures came from cattle, man and other sources in 15 centres in Britain in 1967.
Cultures producing colicin E, were distributed in nine PT/BT groups and only three were thought likely to be epidemiologically related. The 73 ColE, cultures were distributed among 
Colicinogeny in major epidemic types
The major epidemic strains in Scotland belonged to one of four PT/BT groups -141/9f, 1/24 56/17g and 49, 204, 193/26a -within which epidemiological information on source and place of isolation allowed the recognition of separate family and herd outbreaks. The pattern of colicinogeny of cultures from such outbreaks was: (i) all non-colicinogenic (allCol-), or (ii) all colicinogenic (all-Col+), or (iii) a mixture of colicinogenic and non-colicinogenic members (mixed-Col-/Col+).
Approximately 170 outbreaks were noted ( 
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M from cows in one herd; PB 141/9f Col-, ColIb and unidentified colicin from patients in Glasgow in 1975; PB 49/26a, Col-, ColIa and ColIb from cows in one herd). Usually, in any one outbreak of mixed pattern, the majority of individuals were infected with Colbacteria. One exceptional outbreak was caused by strains of PB 49/26a in which cultures from 13 calves produced colicin E, and 6 months later two different animals excreted noncolicinogenic bacteria of the same phage type and biotype.
In outbreaks of all-Col+ pattern, ColIb-carrying cultures (10) of PB 141/9f came from man (5). cattle (2) and milk (3) from one farm; ColIb-carrying cultures (13) of PB 56/17g were isolated over 15 months from cows in one herd and ColIa-carrying cultures (7) of PB 49/26a came from calves and environmental sources on one farm. Of the five outbreaks due to S. fyphimurium PB 204/26a ColE,, one occurred in a family in Edinburgh, another in a herd in Perthshire and three were herd outbreaks and associated milk-borne infections in man in Ayrshire. Non-colicinogenic S. typhimurium PB 204/26a caused outbreaks in Aberdeenshire, Perthshire and southern counties of Scotland including Ayrshire.
DISCUSSION
The percentage of colicinogenic strains (1 1.8 7;) and most of the colicin types found (Ia, Ib, EL, E,, B and K) in the 4481 cultures examined were similar to those found in earlier surveys of S. typhimurium (Reeves, 1972) . Strains producing colicin B were similar to the E. coli strains described by Fredericq & Smarda (1 970) in producing colicin M with colicin B. Two new types were colicin S, and the salmonellin-like colicin. The properties of colicin S4 closely resembled the description given by Atkinson (1973 Atkinson ( , 1976 of Salcol group 3b which she found in cultures of Salmonella vejle and S. typhimurium isolated in Australia in 1954 and 1957. The salmonellin-like colicin, active on salmonellae of many serotypes, was unlike the salmonellin described by Atkinson (1966) in being active on E. coli.
In this survey, epidemic types were recognized by phage type, biotype and epidemiological information and colicin typing contributed little additional differentiation except in recognition of a ColE, subline of S. typhimurium PB 204/26a. ColE, is a non-conjugative plasmid (Ozeki et a?., 1962) and its acquisition by S. typhimurium is probably rare; thus, colicin E,-producing cultures were found in only five PT/BT groups, two of which (49/26a and 204/26a) are interconvertible (Threlfall et al., 1978) . Cultures of colicin types Col-, ColIb, ColE, and ColE, with Colla were among the early isolates of S. typhimurium PB 204/26a, a type that first appeared in Scotland in 1974. Five outbreaks due to S. typhimuriurn PB 204/26a ColE, were of the all-Col+ pattern. The ColE,-carrying cultures probably represent a subline that disseminated from a single Egorecipient bacterium of phage type 49 or 204 and persisted in cattle until 1977. The only indication that a ColE, plasmid was lost during the course of an outbreak was in an epidemic among calves infected with S. typhimurium PB 49/26a in which the first cultures were ColE, and the later ones Col-. This may be an example of loss of a Col plasmid in progeny of ColE, bacteria, or the Col-line may have been present but not isolated at the beginning of the outbreak, or there may have been reinfection from an outside source.
The carriage of Cot plasmids was generally stable, both in vivo and in vitro. In outbreaks of the all-Col+ pattern, ColIa, ColIb and ColE, were stable during spread of the infecting strain to several host species and over a considerable period of time in a circumscribed community, a finding in agreement with Meynell et al. (1968) that these Col factors predominate in Salmonella due to their comparative stability. When cultures of the same phage type and biotype and mixed-Col-/COP pattern were isolated from the same host, or from different hosts in a single outbreak, the host might have been infected with bacteria of mixed colicin type or some of the bacteria might have gained or lost a colicinogenic factor during growth in the host. A study of S. typhimurium PB 141/9f over several years (Barker & Old, 1979) showed that, although the earliest cuitures and the majority of later cultures were
